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Editorial Comment 
Cardiac Efficiency and Coronary 
Heart Disease* 
JOHN ROSS, JR., MD, FACC 
La Jolia, Calijorflla 
Efficiency is the ratio of work ouput to energy expended, 
and there are a number of ways to represent both work and 
energy (1). For example, in isolated cardiac muscle, work 
can represent the force developed multiplied by the distance 
shortened during contraction, whereas in the heart the so•
called external work, expressed in gram-meters, is usually 
derived from the mean left ventricular systolic pressure (mi•
nus the end-diastolic pressure) multiplied by the stroke vol•
ume. In isolated muscle, energy expenditure can be rep•
resented as the heat plus the work (2), as high energy phosphate 
utilization (3) or, as in the whole heart, the myocardial 
oxygen consumption (MV02 , converted into its work equiv•
alent), provided that we assume all metabolism to be aerobic. 
In the study reported in this issue of the Journal, Nichols 
et al. (4) examined a classical definition of cardiac efficiency 
(ratio of external left ventricular work to the work equivalent 
of MV02) in relatively normal subjects and in patients with 
coronary heart disease. In their carefully done and useful 
investigation, overall left ventricular mechanical efficiency, 
so defined, was normal in patients with severe coronary 
artery disease who had not had a myocardial infarction, both 
left ventricular work and MV02 of the entire left ventricle 
being within the normal range. However, in patients with 
prior myocardial infarction, left ventricular work was low 
and MVO~ was normal, so that mechanical efficiency was 
reduced. Before considering the significance of these find•
ings, it will be useful to mention some general considera•
tions about efficiency, and to point out some possible lim•
itations of the assumptions and methods used in this 
investigation. 
Cardiac efficiency. First, efficiency of the normal heart 
can vary, depending on the loading conditions. Variations 
in efficiency with altered loading can be accounted for by 
the finding that the external work of the heart does not 
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correlate well with changes in MV02 (5,6) because "pres•
sure work" produced by increased afterload is more costly 
in terms of oxygen usage than are changes in work brought 
about by varying the cardiac output alone (5,7). Thus, car•
diac efficiency may be unchanged or decreased during aortic 
pressure loading, whereas it can increase strikingly. with 
volume loading (work increases with little change in MV02). 
An additional consideration is that developed wall stress 
correlates linearly with MV02 (8,9), and the left ventricle 
when contracting isovolumetrically expends almost as much 
oxygen (85%) as it would if it were ejecting volume at the 
same afterload (10). These observations may have some 
bearing on the authors' findings in coronary heart disease, 
as discussed in more detail later. 
Methodologic considerations. The presence of regional 
abnormalities due to coronary heart disease leads to some 
problems in interpreting measurements of overall left ven•
tricular efficiency. The coronary sinus oxygen content used 
in the calculation of MV02 provides a mixed venous sample. 
In some patients with coronary heart disease there are un•
doubtedly zones of low flow having a high oxygen extrac•
tion, whereas other regions may have a normal or low ox•
ygen extraction. In association with such metabolic changes, 
overall left ventricular work may be maintained by increased 
function in normal regions which compensates for dimin•
ished function in ischemic or damaged zones. In the patients 
with severe coronary artery disease but no prior myocardial 
infarction studied by Nichols et al. (4), efficiency was nor•
mal and the authors found regional myocardial blood flow 
to be reduced in some areas (confirming results of previous 
studies), leading to a net reduction in flow per unit of left 
ventricular mass; however, left ventricular mass was in•
creased, so that total myocardial blood flow was normal. It 
is possible that the moderate reductions in regional coronary 
flow were associated with mild impairment of regional con•
traction, as shown experimentally (11), without a change 
in regional efficiency. In other areas, regional efficiency 
might even have been increased, with eccentric hypertrophy 
and increased shortening of normal regions (12) producing 
increased "volume work" at low oxygen cost. These re•
gional changes could occur with no detectable impairment 
of total left ventricular work or efficiency. In patients with 
a prior myocardial infarction, if the damaged tissue is com•
posed of mixed scar and functioning myocardium, regional 
MV02 might be expended in maintaining increased regional 
systolic wall stress (13). Regional energy expenditure in 
maintaining such akinetic or hypokinetic regions need not 
be directly reflected in the overall pressure development or 
external work performed. Such complicating factors should 
probably be considered in any interpretation of the findings 
in the study of Nichols et al. 
Clinical significance of decreased efficiency. What, then, 
is the clinical significance of the decreased left ventricular 
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mechanical efficiency found in some patients with coronary 
heart disease? Because MV02 remained normal in patients 
with prior infarction, the findings indicate faulty energy 
transduction, that is, high energy cost for less than normal 
work output. It is possible that this finding is related to 
increased systolic wall stress in some regions, and perhaps 
also to a generalized increase in wall stress due to augmented 
left ventricular size after myocardial infarction, leading to 
oxygen expenditure that is not expressed as external work. 
A somewhat similar setting may apply in congestive heart 
failure, a state in which Bing (14) first showed mechanical 
efficiency to be reduced. Here, also, the reduced external 
work (and low ejection fraction) may be associated, in part, 
with inefficient use of energy due to the cost of maintaining 
a high wall stress. 
Despite the limitations of current methods, Nichols et al. 
have provided a worthwhile and valid documentation of 
overall left ventricular efficiency based on external me•
chanical work of the left ventricle in patients with coronary 
heart disease. At present. we can only speculate about the 
mechanisms responsible for unchanged cardiac efficiency 
in patients with reduced regional coronary blood flow with•
out myocardial infarction, and reduced efficiency in patients 
with prior myocardial infarction. It seems likely that the full 
significance of these interesting observations will come with 
more complete understanding of changes in regional myo•
cardial energetics and function that accompany regional 
ischemia and infarction. 
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